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The identification of genes that influence risk for the epilepsies has extremely important implications for both research and clinical practice. In a research context, study of the neurophysiologic and neurodevelopmental effects of mutations in identified genes can elucidate the basic processes underlying seizure susceptibility. This information may lead to the development of new treatments targeted to specific mechanisms, or even to ways of preventing epileptogenesis. In clinical practice, another important potential application of gene identification is genetic testing: the use of genetic information, either to clarify the diagnosis in people already known or suspected to have epilepsy (diagnostic testing), or to predict onset of epilepsy in people at risk of developing epilepsy because of a family history (predictive testing) ( Table 1 ).
Herein we discuss the essential issues to be considered in the application of clinical genetic testing in the epilepsies. This discussion is important because assessment of the potential benefits and harms of testing in particular situations is complex, and many epileptologists and other clinicians are unfamiliar with the types of tests available, where to access them, how to decide whether they should be offered, and what procedures should be used to maximize benefit and minimize harm to their patients if they are offered.
One of the most promising areas of epilepsy genetics research is pharmacogenomics: the search for genetic variants associated with treatment response (efficacy or tolerability) (Kasperaviciute & Sisodiya, 2009; Loscher et al., 2009) . Genetic tests for variants associated with treatment response would have obvious clinical benefit, and are very likely to be introduced into clinical practice once identified and confirmed. In this report we have not addressed the issues related to testing for pharmacogenomic variants because they are likely to differ from those related to tests for genes that influence risk for developing epilepsy.
TESTING CONTEXTS AND METHODS
Genetic testing can be carried out either in a clinical laboratory or a research laboratory. A clinical laboratory performs analyses and gives results to providers and/or patients for the purpose of diagnosis, prevention, or treatment, usually for a fee. In the United States, the Clinical Laboratory Improvement Act (CLIA) requires that clinical laboratories be certified to meet certain federal quality and proficiency standards. A research laboratory performs analyses for research only; test results are not given to patients or providers, and CLIA certification is not required. In this article we discuss molecular genetic testing carried out in a clinical laboratory. The clinical contexts for clinical genetic testing are summarized in Table 1 , and the molecular methods for testing in Table 2 .
Previously, genetic tests could be ordered only by health care providers, but recently directto-consumer (DTC) genetic testing for disease susceptibility or ancestry has become available through commercial enterprises that market testing to the public, primarily over the Internet, for prices of several hundred dollars (Hauser & Johnston, 2009 ). Advocates of DTC testing say it provides increased autonomy, better access, and more privacy than testing through a health care provider. However, concerns have been raised about DTC testing because laboratories are not subject to the same quality control standards as in other types of testing; interpretations of the results and claims of benefit presented to consumers may not have a strong scientific basis; and genetic counseling is seldom included in the process of either choosing whether or not to obtain a test or interpreting the results. Because of these concerns, the American Society of Human Genetics has issued a position statement For some patients with epilepsy, a genetic explanation might be disturbing rather than comforting. In addition, the identification of a genetic etiology could affect the family communication dynamics and social relationships of persons with epilepsy, and exacerbate the stigma, discrimination, and social isolation already associated with epilepsy in some cases (Phelan, 2005; Shostak & Ottman, 2006) . Recent research also suggests that unlike the stigma associated with epilepsy per se, the stigma arising from the perception that a disorder is genetic may extend to the family members of an affected individual (Phelan, 2005) . In what follows, we summarize considerations that should be used to minimize harm while maximizing the potential benefit of clinical genetic testing in the epilepsies. This is an area where more research is needed; little is known about the impact of genetic testing on patients with epilepsy today.
CRITERIA FOR EVALUATING THE UTILITY OF A GENETIC TEST
Proven mutations have already been discovered in a large number of genes with a major effect on susceptibility to various forms of Mendelian idiopathic epilepsy, and Table 3 lists the most well-accepted and validated findings at this time. In addition to the genes listed in Table 3 , mutation screening of candidate genes such as CACNA1H (Chen et al., 2003; Heron et al., 2004; Khosravani et al., 2005; Vitko et al., 2005; Chioza et al., 2006; Heron et al., 2007) , CACNB4 (Escayg et al., 2000a) , GABRD (Dibbens et al., 2004) , CLCN2 (D'Agostino et al., 2004; Everett et al., 2007; Saint-Martin et al., 2009) , and MASS1 (Nakayama et al., 2002) has led to the identification of variants in some small families with complex inheritance, but the effects of these variants on disease risk largely await confirmation. In the case of CLCN2, mutations in families that appeared to have Mendelian inheritance were originally reported in error, and these findings were subsequently corrected . Other potential epilepsy genes not included in Table 3 have been discovered through genetic linkage studies followed by association analysis in the linked regions, including BRD2 (Pal et al., 2003) , ME2 (Greenberg et al., 2005) , and ELP4 (Strug et al., 2009 ), but some studies have not confirmed these findings (Lenzen et al., 2005; Cavalleri et al., 2007a) and causative mutations have not yet been reported in these genes.
Genes have also been identified in Mendelian symptomatic epilepsy syndromes where seizures are a symptom of a more widespread central nervous system disorder. These include many genes underlying malformations of cortical development (Leventer et al., 2008) and progressive myoclonus epilepsies such as Unverricht Lundborg disease, Lafora disease, and the neuronal ceroid lipofuscinoses (Shahwan et al., 2005) . The genes in these symptomatic epilepsy syndromes are an important domain of genetic testing, although they are not reviewed in detail here.
Establishment of recommendations for genetic testing in all of these epilepsies would be extremely difficult because of their different clinical contexts; genetic contributions; and individual, familial, and social ramifications. In addition, genetic research is moving at such a rapid pace that recommendations at any single point in time could soon be changed with the emergence of new information. Therefore, rather than making specific recommendations, we wish to provide a framework for considering the utility of testing that can be applied to many different syndromes and contexts. In this section, we summarize the questions that need to be addressed in evaluating whether or not a genetic test is likely to provide useful information for clinical care. In the next section, we present examples where testing appears to have high utility, and others where it appears less useful at the present time (see Table 4 for diagnostic testing and Table 5 for predictive testing). Finally, for navigating this complex area, we provide a set of frequently asked questions (FAQs) and their answers (Table 6) .
A useful framework for the evaluation of genetic testing has been developed in a model project carried out by the National Office of Public Health Genomics, U.S. Centers for Disease Control and Prevention, in collaboration with the Foundation for Blood Research, a nonprofit research organization (Haddow & Palomaki, 2004) . This project, called "ACCE," takes its name from the four essential components of evaluation-analytic validity; clinical validity; clinical utility; and associated ethical, legal, and social implications. A series of questions targeted to different aspects of the evaluation process is provided on the ACCE website: http://www.cdc.gov/genomics/gtesting/ACCE/acce_proj.htm (Accessed September 28, 2009 ).
Analytic validity
The analytic validity of a test refers to the laboratory component of testing. Does the test accurately identify the genotype of interest? Accuracy involves analytic sensitivity (the ability of the test to identify a positive sample correctly), analytic specificity (the ability of the test to identify a negative sample correctly), laboratory quality control (procedures for assuring the test results fall within specified limits), and reliability (the ability of the test to produce the same results if repeated on the same sample). Analytic validity depends on the molecular aspects of detecting a gene variant in a DNA sample rather than on the disease; hence, the considerations are the same for epilepsy as for other conditions. Even when a test for a specific change within a gene is accurate, the test could still miss other important changes it is not designed to detect. Some tests examine only parts of a gene (exon sequencing), particular single nucleotide polymorphisms (SNPs), or the number of copies of the gene (copy number variations, or CNVs). No single test currently available examines all aspects of variation within a gene; therefore, a test result that reports "no change detected" does not exempt the gene from contributing to disease in any particular individual. On the other hand, a negative result when looking for a specific mutation that is present in other affected family members usually provides a definitive answer.
The source of the DNA sample provided is another important consideration. A DNA mutation present in all cells of the body is considered to be "germ line." In some cases, a mutation can occur during embryonic development, leading to uneven distribution of the mutation in different tissues, or "somatic mosaicism." With somatic mosaicism, a mutation can be detected in a sample of DNA from one source, for example, a hair follicle, but not in another, for example, blood lymphocytes. This implies that an individual who initially tests negative might later be found to carry a mutation only in specific cell lines after careful examination of different cell types using more sensitive methods of detection. This concept has been found to be important in the severe childhood encephalopathy Dravet syndrome, in which more than 70% of cases have mutations in SCN1A, the gene encoding the voltagegated sodium channel alpha subunit Na V 1.1. In several families with two children with Dravet syndrome, initially no mutation was found in either parent by the usual techniques, but more detailed molecular studies showed parental gonadal and somatic mosaicism (Depienne et al., 2006; Gennaro et al., 2006; Marini et al., 2006; Morimoto et al., 2006) . In other patients with Dravet syndrome who were initially found to be negative for SCN1A mutations on conventional sequence analysis, exon deletion or duplication, or submicroscopic chromosomal deletion involving SCN1A was later identified (Madia et al., 2006; Mulley et al., 2006; Suls et al., 2006; Wang et al., 2008; Marini et al., 2009 ). These findings suggest that to maximize the sensitivity of genetic testing, a wider array of molecular methods must be employed than previously appreciated. This detailed decision tree in the pursuit of the correct diagnosis is not fully explained in the process of obtaining a clinical genetic test result.
Clinical validity
Clinical validity refers to the ability of the test to determine whether or not a person is affected with the disorder of interest (or will become affected in the future). This depends in part on analytic validity-a test cannot accurately determine whether or not a person is affected if it does not have high analytic validity. Clinical validity is also influenced by several other important factors, including (1) clinical sensitivity-the proportion of individuals who test positive, among those who have the disease; (2) clinical specificitythe proportion of individuals who test negative, among those who are unaffected; (3) positive predictive value (PPV)-the proportion of individuals who have the disease (or will develop it in the future), among those who test positive; and (4) negative predictive valuethe proportion of individuals who do not have the disease (and will not develop it in the future), among those who test negative. PPV is strongly influenced by the prevalence of the disorder among tested individuals. For a given sensitivity and specificity, PPV is higher in a situation where many of those tested are actually clinically affected than in a situation where few of those tested are affected.
The clinical validity of a genetic test varies according to the type of genetic change identified. For example, a test that involves sequencing the gene (Table 2) can identify several types of sequence changes, including "synonymous" nucleotide substitutions that do not alter the amino acid sequence of the encoded protein, "nonsynonymous" or "missense" changes resulting in an amino acid substitution, and "nonsense" or "truncation" mutations that lead to a fragment of the normal protein product. These different types of changes could have different implications for disease risk, and some changes could be normal variants found commonly in the population or could have uncertain clinical significance. A good example of this problem arises in SCN1A, where different types of mutations have been associated with different phenotypes. Among the mutations found in Dravet syndrome, truncation and missense each account for about 40% of mutations, and intragenic deletions and splice-site mutations occur much less frequently Depienne et al., 2009) . In contrast, in families with GEFS+ all of the identified SCN1A mutations have been missense.
To maximize sensitivity and PPV, diagnostic testing should be offered in the context of an informed opinion that the affected individual is likely to have the disorder in question; otherwise testing would result in unnecessary expense with little potential benefit. In this evaluation, consistency of the patient's clinical epilepsy syndrome and family history with those previously described in individuals with mutations should be considered. The importance of taking a careful family history, with as much detail as possible about the clinical features in affected family members and laboratory exclusion of the most likely alternative diagnoses, cannot be overemphasized.
Almost all of the gene discoveries to date have been in monogenic epilepsies, which comprise only a tiny fraction of all epilepsies. Most people with epilepsy have no affected relatives, suggesting that in the great majority of cases, epilepsy is genetically complex (Ottman, 2005; Berkovic et al., 2006) . The genetic mechanism underlying complex epilepsies could involve genetic variants that are common in the population, have only a small effect on disease risk, and act in concert with each other and with environmental factors, consistent with the "common disease, common variant" hypothesis. Alternatively (or perhaps in addition), the mechanism could involve multiple rare genetic variants acting in concert (Mulley et al., 2005a; Dibbens et al., 2007) .
To date, success in identifying genes that raise risk for genetically complex epilepsies has been limited, but some genes are emerging such as the calcium channel subunit gene CACNA1H (Chen et al., 2003; Heron et al., 2004 Heron et al., , 2007 . Genetic association studies (Tan et al., 2004; Mullen et al., 2009 ) are also beginning to provide evidence for other genetic variants associated with increased risk (Cavalleri et al., 2007a,b; Helbig et al., 2009) . One very interesting recent, confirmed finding is an association, found in approximately 1% of cases of idiopathic generalized epilepsies, of a microdeletion on chromosome 15q13.3 that was previously reported to occur less frequently in schizophrenia, mental retardation, and autism Helbig et al., 2009 ).
With complex inheritance, each gene may have only a small effect on risk, so that using a genetic test to identify any one risk-raising variant is not likely to be very meaningful on its own. In addition, even in rare monogenic epilepsies, the relationship between mutation status and epilepsy phenotype is not straightforward. Several complexities in genotypephenotype relationships influence the clinical validity of genetic tests.
Variable expressivity-One important aspect of this complexity is variable expressivity. The clinical epilepsy phenotype may vary widely, even among family members who carry the same mutation. For example, missense mutations in SCN1A are associated with genetic (formerly generalized) epilepsy with febrile seizures plus (GEFS+), a familial epilepsy syndrome with extremely variable expressivity. The effect of an SCN1A missense mutation may range from benign phenotypes such as typical age-dependent febrile seizures or febrile seizures plus (i.e., febrile seizures persisting beyond age 6 years or accompanied by afebrile generalized tonic-clonic seizures) to severe phenotypes such as Dravet syndrome (Mulley et al., 2005b; Lossin, 2009 ).
Modifier genes are likely to be an important cause of variable expressivity, although variation in as-yet-unidentified environmental exposures may also contribute in some cases. A recent study showed experimentally that two ion channel mutations, each capable of causing human epilepsy, can actually cancel out each other's effects when present in brain cells due to their opposing effects on neuronal excitability (Glasscock et al., 2007) .
Variable expressivity reduces the PPV of a predictive genetic test because information about mutation status is a poor predictor of clinical outcome. In GEFS+, a positive test for an SCN1A mutation might strongly predict seizure occurrence in an individual from a family containing multiple affected individuals, but the clinical outcome could range from typical febrile seizures without any subsequent unprovoked seizures to severe epileptic encephalopathy with mental retardation. Moreover, as discussed below, since the penetrance of missense mutations in SCN1A in GEFS+ is only 60-70%, a significant proportion of mutation carriers will not develop seizures at all. In this case genetic testing for SCN1A mutations has much greater utility for diagnostic testing than for predictive testing, even if carried out in a family in which a mutation has been identified. In the future, prediction may improve when all of the genes that influence clinical outcome are identified-but this will involve complex protocols for genetic testing of multiple genes that have not been developed, as well as understanding how the multiple genes interact in their influence on risk.
Reduced penetrance-Another aspect of complexity in the relationship between genotype and phenotype is "penetrance": the likelihood of developing epilepsy for an individual who has a mutation in a disease-causing gene. Penetrance is particularly important in considering the clinical validity of a predictive genetic test, offered to an unaffected individual in a family in which an affected person has been found to carry a mutation. For many of the previously identified genes, penetrance has been estimated as 67-80%. These previous penetrance estimates are likely to be inflated by ascertainment bias, since they are based on families selected for study because they contain multiple affected individuals (and thus high penetrance); therefore, the true penetrance may actually be lower for many syndromes. Reduced penetrance clearly reduces the PPV of a genetic test, because an individual who tests positive may never develop epilepsy. For example, a study of the penetrance of LGI1 mutations in ADPEAF estimated penetrance at 67% (Rosanoff & Ottman, 2008) , suggesting that about one-third of mutation carriers will not develop epilepsy. On the other hand, benign familial neonatal seizures (BFNS) has an unusually high penetrance of greater than 90%.
Genetic heterogeneity-Genetic heterogeneity is another important complexity in the relationship of genotype to phenotype in the epilepsies. In most monogenic epilepsy syndromes where genes have been identified, mutations have been discovered in different genes in different families with the same syndrome. Often the genes encode different subunits of the same ion channel. Examples include BFNS, in which the same phenotype is associated with mutations in two different genes encoding subunits of potassium channels (KCNQ2 and KCNQ3) (Gardiner, 2006) ; autosomal dominant nocturnal frontal lobe epilepsy (ADNFLE) due to mutations in three different nicotinic acetylcholine receptor subunit genes, CHRNA4, CHRNB2, and CHRNA2 (Marini & Guerrini, 2007) ; and GEFS+ due to mutations in SCN1A, SCN1B, and GABRG2 ).
In addition, many families with a given syndrome do not have mutations in any of the previously identified genes. For example, with ADNFLE only approximately 20% of individuals with a family history have mutations in the genes identified so far. Similarly, with autosomal dominant partial epilepsy with auditory features (ADPEAF), approximately 50% of families containing two or more individuals with ictal auditory symptoms have mutations in LGI1 . In GEFS+, only approximately 10% of families have mutations in SCN1A, and even fewer have mutations in the other previously identified genes ).
Because of the potential for extensive genetic heterogeneity, even though a positive diagnostic genetic test result may be informative in these syndromes, a negative test for a given gene is generally uninformative, that is, the test has low negative predictive value. A test for a mutation in a specific gene does not mean the individual does not carry a diseasecausing mutation in another gene not yet identified, or that the individual does not have the disorder in question, because the diagnosis is based on the clinical epilepsy syndrome rather than on the results of genetic testing.
For many genetic forms of epilepsy, patients with clinical features similar to those found in autosomal dominant families but who do not have any affected relatives (i.e., sporadic or isolated cases) are much less likely to have a mutation in previously identified genes than are familial cases; therefore, the sensitivity of a test will generally be much lower for isolated cases than for familial cases. In some of the genes identified so far, de novo mutations-that is, new mutations that occurred in a germ cell (egg or sperm) from one of the parents or in the fertilized egg itself, so that neither parent is a carrier-have been identified in isolated cases, but these are generally uncommon. For example, rare de novo mutations have been identified in CHRNA4 and CHRNB2 (genes associated with ADNFLE) in isolated patients with nocturnal frontal lobe epilepsy (Phillips et al., 2000; Bertrand et al., 2005) , in LGI1 (the gene associated with ADPEAF) in isolated patients with focal epilepsy with ictal auditory symptoms (Bisulli et al., 2004; Michelucci et al., 2007) , and in KCNQ2 in isolated patients with benign neonatal seizures (Claes et al., 2004; Ishii et al., 2009 ). For these disorders, the yield of a diagnostic test would be much lower in isolated cases than in familial cases; therefore, decisions about testing must be based on balancing the cost of testing with the clinical utility of the test. When a mutation is found in a sporadic case, it may have important genetic counseling implications but there is significant uncertainty in this situation.
However, the pattern is completely different in Dravet syndrome. In this syndrome current evidence suggests that more than 70% of patients have SCN1A mutations and more than 95% arise de novo (Mulley et al., 2005b; Harkin et al., 2007) . Thus in a diagnostic genetic test for a mutation in SCN1A in Dravet syndrome, the clinical sensitivity is high regardless of family history.
Clinical utility
The clinical utility of a test refers to the benefits and harms involved in introducing a test into routine clinical practice, that is, the impact of a positive or negative test on patient care. One of the most important considerations is the availability of an effective intervention in individuals who test positive. In diagnostic testing, such an intervention might consist of a treatment choice that is especially effective or avoidance of treatments that are especially harmful, or avoidance of unpleasant or invasive diagnostic procedures (e.g., liver biopsy, repeated spinal tap or neuroimaging) in individuals who test positive. In predictive testing, interventions might someday include prophylactic medications (although none has been shown to have efficacy in any epileptic disorder so far). Other considerations include the costs associated with testing and the accessibility of tests and interventions to vulnerable populations.
The specific epilepsy features, associated illnesses and conditions, and family history are extremely important in considering the clinical utility of a genetic test. For severe epilepsies associated with developmental delay (e.g., Dravet Syndrome), the issues to consider in offering testing are clearly different from those in epilepsies that respond well to treatment and do not have other associated features. Clinical utility may also differ according to the usual age at onset of the disorder-for epilepsies with onset in infancy and a severe course, parents may place a high value on predictive testing regardless of its uncertainties, whereas for epilepsies with adult onset and a mild course, the considerations will be quite different. The family context is also extremely important in this regard-if multiple family members are affected, some or all family members may already be aware that their risks are increased, so that genetic testing would not provide new information about the family's risk as a whole. However, predictive genetic testing in some family members could provide information about which specific individuals are more likely to develop epilepsy. Moreover, a positive test in one person might contain information relevant to others in the family, who may or may not wish to learn their genetic status (e.g., if an uncle and his niece are both carriers, one of the niece's parents also must be). Another family issue is related to biologic versus stated paternity, a distinction that may be discovered through genetic testing but is not usually divulged. This type of complexity should be explored fully in genetic counseling prior to testing.
Ethical, legal, and social implications
The fourth consideration in evaluating the utility of a genetic test is its ethical, legal, and social implications. This includes an understanding of the stigmatization and discrimination that may result from the test, as well as privacy and confidentiality issues, and personal, family, or social issues that could arise from testing. Some tests require that DNA samples be obtained from other family members in order to assess risk. Are these family members available and willing to be tested if the need should arise? Is the patient willing to approach them in order to gain their participation? Legal issues regarding consent and ownership of samples are also important to consider. Once the potential harms associated with testing are identified, the clinician should put safeguards in place to minimize them.
HOW TO TEST
Current information about genetic testing for many disorders, including several forms of epilepsy, is available from the Gene Tests website: http://www.ncbi.nlm.-nih.gov/sites/GeneTests (Accessed September 28, 2009), a publicly funded medical genetics information resource. The Gene Tests site identifies both clinical laboratories and research laboratories that provide testing. It also contains educational materials about genetics and authoritative reviews on specific disorders, including ADNFLE, ADPEAF, progressive myoclonus epilepsy, and several other metabolic forms of epilepsy. For genetic tests judged to have clinical utility in a particular clinical context, this site provides information about whether or not a clinical genetic test is available, and if so, where to obtain it.
Before any test is ordered it is crucial to follow certain procedures. First, no molecular genetic test should ever be ordered without the patient's informed consent. Because genetics can be complicated, making sure the patient understands the ramifications of testing sufficiently to make an informed choice may not be straightforward. Second, no test should ever be done without pretest and posttest genetic counseling. Wherever possible, counseling should be carried out by a clinical genetics professional such as a medical geneticist, genetic counselor, or genetic nurse. A closer interaction between clinical genetics professionals and epileptologists would greatly improve counseling for patients with epilepsy.
The purpose of pretest genetic counseling is to ensure that the patient is informed and has time to weigh the advantages and disadvantages of being tested. It should include the collection of pedigree information, providing information about the disorder and its mode of inheritance, course, and treatment options; estimation of the risk of the disorder for the individual (or for a future offspring) if applicable; discussion of the medical, emotional, and social implications of a genetic test result for the individual and the family (including potential effects on health and life insurance); and details regarding the test itself and its limitations (e.g., the sample required, the information that will and will not be provided by the test). All of this information should be presented in a nonjudgmental and noncoercive manner, to assist the individual in making an informed decision.
Posttest genetic counseling is crucial to help the patient understand the test result and begin to digest it in the context of his or her life circumstances. The session should convey the test results in terms that the patient understands, discuss the implications for the patient and other family members, and provide referrals to other health professionals, educational materials, and community-based support groups as needed.
APPLICATION TO SPECIFIC EPILEPSY SYNDROMES AND GENES
Although many genes have been identified in a range of epilepsy syndromes, few currently have high clinical utility for genetic testing. The importance of interpreting all molecular findings in their clinical context cannot be over-emphasized. Relatively few of the molecular tests for the idiopathic epilepsies are useful in the clinical domain and those that deserve consideration are presented in Table 4 for diagnostic testing and Table 5 for predictive testing. Many of the remaining gene mutations have been identified only in single or a few reports, so molecular testing is still largely a research tool.
Although a genetic test may have a high PPV (i.e., a high probability of the diagnosis among individuals who test positive) in patients with the appropriate phenotype, discovery of a mutation may not influence clinical management (diagnostic procedures, treatment choices, or prognostic counseling). In some circumstances, it may have a bearing on genetic counseling but the question of whether the results would lead a family to alter their reproductive plans on the basis of the particular syndrome needs to be considered. For example, BFNS is usually benign (although severe cases have been reported) (Steinlein et al., 2007) . Therefore, the finding of a potassium channel subunit mutation may be of interest, but the disorder would usually not be considered sufficiently severe for such a finding to affect reproductive choices. Moreover, the pattern of inheritance is usually clearly autosomal dominant with high penetrance, making the diagnosis straightforward without the need for molecular testing.
In some settings, the finding of a mutation does not provide information about phenotype and, therefore, cannot inform treatment or prognosis. As discussed earlier, the best example of this situation is a missense mutation of SCN1A in a family with GEFS+, which could be associated with phenotypes ranging from benign febrile seizures to severe epileptic encephalopathy. Interpretation of a mutation needs to be made in the context of the patient's electroclinical and developmental history. For example, a patient with febrile seizures would not require treatment and would have an excellent prognosis, whereas a patient with Dravet syndrome requires long-term management. In contrast, a de novo truncation mutation is very likely to be associated with Dravet syndrome. Therefore, diagnosis of an electroclinical syndrome such as Dravet syndrome, subsequently supported by mutational analysis (of SCN1A for example), could well lead to more aggressive treatment with a view to potentially improving developmental outcome. The results should be explained to the patient in a posttest counseling session with a genetic counselor or clinical geneticist.
Is the cost of testing covered by insurance?
This depends on the country in which the patient lives. In the United States, some health insurance plans will cover the costs of diagnostic genetic testing, but health insurance providers have different policies about which tests are covered. Some people may choose not to use their insurance to pay for testing because the results of a genetic test might affect their health insurance coverage. The Genetic Information Nondiscrimination Act (GINA) is intended to protect against this but its effect is still unclear at the present time.
